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ARTICLE INFO ABSTRACT

Keywords: Purpose: To evaluate the visual quality results when fitting a corneo-scleral contact lens (CScL) after intracorneal
Corneal ectasia ring segment (ICRS) implantation for keratoconus management.
Keratoconus

Methods: Twenty-seven eyes of 27 patients with keratoconus underwent ICRS implantation and had CScL fitted
as their visual quality was unsatisfactory with their spectacles or contact lenses. Patients received a complete eye
examination, refraction and visual acuity assessment, anterior eye biomicroscopy, ocular fundus examination,
corneal topographic analysis, endothelial-cell count, and visual quality assessment using contrast sensitivity and
aberrometry tests. A diagnostic trial set was used in the fitting process, and patients were assessed according to a
standardised methodology, including subjective visual quality and comfort, and contact lens usage time. The
follow-up period was one year.

Results: After fitting CScL, log-MAR visual acuity values improved significantly in relation to the best spectacle-
corrected vision (0.22 * 0.17 vs 0.00 = 0.12; p < 0.001). Total high-order aberrations decreased 33%
(2.62 = 1.31 vs 1.75 = 1.81 um; p < 0.009) and the spatial frequencies of contrast sensitivity all improved
(all p < 0.05). Furthermore, 70.37% of patients reported high ratings of subjective visual quality (favourable
and very favourable) and prolonged usage times (11.78 * 3.93 h). After wearing CScL for one year, no adverse
ocular effects or clinically relevant changes in corneal parameters, visual quality, comfort ratings or usage time
were found.

Conclusion: This CScL appears to be an alternative reasonable option for keratoconic eyes with ICRS placement,
providing an improvement in subjective visual quality.

Corneoscleral contact lens
Intracorneal ring segment

1. Introduction

Additive surgical procedures, such as intrastromal corneal ring
segment (ICRS) placement, are an option to treat keratoconus [1-10].
Intrastromal corneal ring segments are small pieces of synthetic mate-
rial (semi-circular ring segments) that are inserted deep in the corneal
stroma. They act as spacer elements between the corneal lamellae
producing an “arc-shortening effect” which results in a flattening of the
central cornea, so they were initially used for the correction of low and
moderate myopia in normal eyes [11]. Implantation of ICRS in kera-
toconic eyes results in an improvement in the central corneal contour, a
decrease in asymmetrical astigmatism, and refractive correction,
thereby improving visual acuity and contact lens tolerance. In addition,
they may delay or eliminate the need for keratoplasty [1-10].

It should be noted that after ICRS implantation there are still

patients who need some type of visual correction to improve their
eyesight [7-10]. Nonsurgical options to improve vision after ICRS im-
plantation include different types of contact lenses, such as conven-
tional or customised soft lenses and rigid gas-permeable (RGP; corneal,
corneo-scleral and scleral) lenses, hybrid lenses and a piggyback contact
lens system [12-26].

An advantage of RGP lenses is that they are able to mask corneal
surface irregularities with the tear layer between the lens and anterior
corneal surface, and they also provide a regular refractive surface
[27,28]. Therefore, they are a successful option to achieve an im-
provement in visual quality, since they can compensate for a great
number of high-order aberrations (HOAs) [29,30].

Corneo-scleral contact lenses (CScL) are RGP lenses that rest partly
on the cornea and the conjunctival tissue overlaying the sclera. These
lenses may be a good alternative option for improving comfort and
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visual quality when patients occasionally present intolerance to corneal
RGP lenses or encounter insertion difficulty with scleral lenses. In ad-
dition, they provide a significant improvement in visual quality and
comfort in cases of irregular corneas (such as keratoconic eyes and eyes
that have undergone LASIK surgery), offering a better quality of life for
these patients [29,30]. It should be noted that after ICRS implantation,
significant changes in both the anterior and posterior corneal surfaces
occur, therefore visual quality could be significantly affected because of
the additional corneal irregularity induced by the implant.

To the best of our knowledge, although there are studies in the
scientific literature on fitting RGP contact lenses on keratoconic eyes
with ICRS implants, these have only assessed a small number of eyes (in
particular for corneo-scleral or scleral lenses) [16-22]. Therefore, the
aim of this study is to ascertain the outcomes of fitting a CScL in ker-
atoconic eyes with ICRS implants, and to establish to what extent they
can provide an improvement in visual quality.

2. Patients and methods
2.1. Patients

The sample of this study included 27 eyes of 27 patients who had
Keraring (Mediphacos, Belo Horizonte, Brazil) ICRS implanted for
keratoconus management. Keraring rings are triangular segments,
which were implanted using mechanical or femtosecond laser-assisted
techniques. In all cases, there was an optic zone of 5 mm, and the arc
length and thickness depended on the results of a nomogram performed
beforehand indicating the appropriate ring segment features. An oph-
thalmologist specialising in this technique carried out the procedure
and selected the appropriate ring segment in each individual case and
calculated the implantation parameters (see Fig.1).

On an average of 10 months (range 6-14 months) after ICRS im-
plantation, these patients presented unsatisfactory visual quality with
their spectacles (15 patients) or contact lenses (7 patients using soft
toric lenses, 2 soft spherical lenses, and 3 corneal RGP lenses), therefore
they were advised to have a new CScL fitted with a multi-aspherical
geometry design. This unsatisfactory visual quality was not related to
complications in the surgical procedure. None of the patients had
ocular-surface disease, allergies, systemic disease, used medications
that would have interfered with contact lens wear, or had undergone

Fig. 1. Corneal image of the eye implanted with a 200 pm Keraring intracorneal
ring segment.
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any ocular surgery (except ICRS implantation). This study protocol
adhered to the tenets of the Declaration of Helsinki and it complies with
the ethical requirements established by the University of Valencia.

2.2. Data collection

First of all, patients underwent a comprehensive eye examination at
the FISABIO Oftalmologia Médica (Ophthalmology Centre) with a view
to fitting CScL. If they were using other contact lenses, they were in-
structed to stop wearing them for at least 15 days beforehand. The exam
included measuring the best spectacle-corrected visual acuity, the
anterior segment ocular evaluation with the Visante optical coherence
tomography system (Carl Zeiss Meditec, Inc. Dublin, CA, USA) and
biomicroscopy, and ocular fundus examination with ophthalmoscopy.
The corneal topographic analysis was obtained with the Pentacam HR
Eye Scanner (Oculus Inc., Wetzlar, Germany) and the endothelial-cell
count with a specular microscope (SP-3000P, Topcon Medical Systems
Inc., Japan).

Data on the subjective and objective visual quality were collected
using the Vision Contrast Test System (VCTS 6000, Vistech Consultants
Inc., Dayton, OH, USA), and ocular aberrations were determined with
the Alcon LADARWave (Custom Cornea Wavefront System, Alcon
Laboratories Inc, Ft Worth, Texas, USA), respectively. The VCTS 6000
test was performed at a testing distance of 3 m, under photopic condi-
tions of 85cd/m? with the monocular full correction of patients in
place, following the guidelines of the manufacturer. The ocular aber-
rometry test was performed in a dark room under monocular conditions
on a pupil size of 6 mm. Pharmacological intervention for mydriasis
(1% tropicamide eye drops) was used to achieve this pupil diameter.
Ocular aberrometry data included the root mean square in terms of
micrometres of deviation of defocus, astigmatism, coma aberration,
spherical aberration and other HOAs.

The measurements were carried out before and after fitting the
contact lens, and after one year of contact lens wear, following the same
procedure as in our previous study for fitting the same contact lenses on
keratoconic eyes without ICRS placement [30]. In all sessions, the de-
vices were previously calibrated and the measurements were performed
by professionals who were expert in handling them.

2.3. Contact lens used and fitting procedure

Patients were fitted with a CScL (Scleracon, Lenticon, Madrid,
Spain) with a multi-aspherical geometry design based on three curves:
the base curve, the intermediate or small transition curve, and the
peripheral or scleral curve. These contact lenses are made of fluoro-
silicone acrylate (Optimum extreme; Contamac Ltd, Saffron Walden,
UK) which is a highly gas-permeable material. Its oxygen permeability
(ISO) is 125 x 10~ (ecm?/sec) (ml02)/(ml x mmHg). The average
central thickness of this lens is around 0.27 mm and the fitting para-
meters are as follow: diameter ranges from 12.60 to 13.50 mm, base
curves range from 5.80 to 9.20 mm (in 0.5mm steps), peripheral or
scleral curves range from 5.60 to 11.4mm (in 0.10 mm steps), and
power from +20.00 to — 25.00 D (in 0.25 D steps).

The same procedure as in our previous study for fitting CScL on
keratoconic eyes without ICRS placement was followed in this study
[30]. The trial-lens method with two steps to determine the appropriate
lens (first, the back optic zone radius and then the peripheral curve)
was used. Patients were monitored in accordance with a standardised
fitting methodology [29,30]. The fluorescein test determined these
parameters according to the best ratio between the posterior lens sur-
face with the anterior corneal surface and scleral zone, as well as as-
certaining if there was any corneal damage (presence of corneal
staining). Data of these parameters were needed to manufacture the
lenses.

A difference in fitting CScL in keratoconic eyes after ICRS placement
is the additional corneal irregularity induced by the implant. Although
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some flattening of central cornea occurs, the greatest flattening effect
takes place in the mid-peripheral region of the cornea, directly over the
ICRS placement, which gives rise to an abnormal artificial steepening of
the peripheral cornea relative to the mid-periphery [12,18]. Therefore,
an appropriate fit should show a slight alignment to minimal apical
corneal clearance but avoid touching the apex or mid-periphery of the
cornea at the steepening induced by the ICRS implant, while main-
taining an excellent peripheral fit. The lens should present a good lens
position with optimum lens movement (0.5 mm), and an adequate tear
exchange with no compression on the limbus (since stem cells are lo-
cated in this area) and/or the conjunctival vessels under the contact
lens. It should be noted that, at all times there must be enough vault
between the lens and the cornea to prevent problems or complications
when the lens puts mechanical pressure on the cornea overlaying the
rings; however, in some cases when fitting CScL, a slight “feather
touch” on the apex and corneal mid-periphery may be well tolerated
since these lenses do not usually move enough to irritate these zones.

When the manufactured lenses were received at the clinic, the pa-
tients were given their next appointment to verify the appropriate fit of
the lenses. Changes to the back optic zone radius, peripheral curve
radii, power, and overall diameter were made until the contact lens was
considered optimal for dispensing. At the end of the fitting process,
after 8 h of CScL wear, a good lens position with optimal lens movement
and an adequate tear exchange with no compression on the limbus or
conjunctival tissue overlaying the sclera were observed. In addition, no
adverse ocular events were found (no grade of corneal staining was
seen). The number of contact lenses required and visits made until
achieving the optimal lens are also reported.

Subsequently, to compare the improvement in visual quality before
and after fitting these contact lenses, visual acuity, contrast sensitivity,
and ocular aberrations (on a pupil size of 6 mm with pharmacological
intervention for mydriasis) were measured. Furthermore, data for
subjective comfort on a typical five-level Likert scale (1, very un-
comfortable; 2, uncomfortable; 3, neither uncomfortable nor comfor-
table; 4, comfortable; and 5, very comfortable), subjective visual
quality on a typical five-level Likert rating system (1, very poor; 2, poor;
3, neither poor nor favourable; 4, favourable; and 5, very favourable),
and contact-lens wear time were also reported. Table 1 shows the cri-
teria for successful fitting of this contact lens. The criteria for wearing
time as a measure of success was based on the study by Ortenberg et al
[311.

After 1year, the lenses were again checked when the patient had
been wearing them for at least 8 h. This was to see whether there were
any differences in visual quality and corneal integrity when wearing
these contact lenses for 1 year.

2.4. Data analysis

The SPSS 15.0 software (SPSS Inc., Chicago, IL, USA) was used for

Table 1
Criteria for success in fitting corneo-scleral contact lenses.
Parameters Complete Success Partial Success Unacceptable
-Visual Acuity with Improving two Improving one Worse
CL as regards decimal lines or decimal line or
BSCVA more equal
-CL wear time >10h 10-8h <8h
-Subjective comfort >3 3 <3
-Subjective visual >3 3 <3

quality

CL, contact lenses; BSCVA, best spectacle-corrected visual acuity; Subjective
comfort scale (1, very uncomfortable; 2, uncomfortable; 3, neither un-
comfortable nor comfortable; 4, comfortable; and 5, very comfortable);
Subjective visual quality scale (1, very poor; 2, poor; 3, neither poor nor fa-
vourable; 4, favourable; and 5, very favourable).
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Table 2
Demographic data of the 27 keratoconic patients with intracorneal ring seg-
ment implants.

Parameters Patients (%)

Sex Male 18 (66.67)
Female 9 (33.33)

Age < 20 years 2(7.41)
21-40 years 22 (81.48)
41-60 years 3(11.11)

Refractive error Hyperopia (0.00 to +10.00 D) 3(11.11)
Low myopia (—0.25 to —6.00 D) 21 (77.78)
Medium myopia (—6.25 to 3 (11.11)
—10.00 D)

Average central keratometry <48 D (Degree I AK) 18 (66.67)
48 to 53 D (Degree II AK) 7 (25.92)
53 to 55 D (Degree III AK) 1 (3.70)
> 55 D (Degree IV AK) 1(3.70)

Corneal astigmatism 0.00-2.00 D 9 (33.33)
2.25-4.00 D 8 (29.63)
4.25-6.00 D 5 (18.52)
> 6.00 D 5 (18.52)

AK, the Amsler-Krumeich classification.

descriptive statistics, which quantified the means * standard devia-
tions (SD) of the study variables. The Kolmogorov-Smirnov test was
calculated to determine the normality of the distribution for continuous
variables. The right eye of the patients who had ICRS implanted in both
eyes was selected for statistical analysis. The Wilcoxon signed-rank test
(a non-parametric statistical test) was used to analyse the differences in
visual acuity with the best spectacle-corrected value and data from
visual quality tests, before and after CScL fitting, as well as after first
fitting CScL and after 1year of CScL wear. All visual acuities were
converted to logMAR (logarithm of the minimum angle of resolution)
for statistical analysis. The threshold for statistical significance was
taken as p < 0.05.

3. Results

Table 2 shows the demographic data of the participants. The
mean *+ SD age of the 18 men and 9 women was 30.4 *= 9 years and
they were all Caucasian.

Table 3 shows the mean + SD of the spherical equivalent with the
best spectacle-corrected value, corneal astigmatism, average central
keratometry, endothelial-cell count, central corneal thickness, ocular
aberrometry and contrast sensitivity data prior to fitting the CScL, as
well as the parameters of the CScL (the back optic zone radius, total
diameter, and lens power) fitted.

An average of 2.63 * 0.74 visits (range 2-4) were needed to
complete the fitting process and 1.41 + 0.57 lenses per eye (range
1-3) until considered optimal for dispensing. The mean wearing time
was 11.78 *= 3.93 consecutive hours a day (range 4-17). A percentage
of 74.1% (20 of 27 eyes) wore these contact lenses =10 consecutive
hours a day. In addition, high levels of subjective comfort (4, comfor-
table and 5, very comfortable) were reported in 66.66% (18 of 27 eyes),
as well as subjective visual quality (4, favourable and 5, very favour-
able) in 70.37% of eyes (19 of 27 eyes). Therefore, complete success
(see Table 1) was achieved in 51.85% of eyes (14 of 27 eyes), partial
success in 29.62% of eyes (8 of 27 eyes); the result, however, was
deemed unacceptable in 5 out of 27 eyes.

The mean * SD of the logMAR visual acuity before (with the best
spectacle-corrected value) and after fitting CScL was 0.22 + 0.17
(range 0.5-0.0) and 0.00 + 0.12 (range 0.2 to —0.1), respectively;
statistically significant differences were found (p < 0.001). Visual
acuity improved two decimal lines or more with respect to the best
spectacle-corrected value in 92.6% of eyes (25 of 27 eyes).

Fig. 2 shows the mean * SD of ocular aberrations before and after
fitting CScL. Statistically significant differences were found in all ocular
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Table 3

Mean = SD of the clinical outcomes of the 27 keratoconic eyes with in-
tracorneal ring segment implants before fitting corneo-scleral contact lenses
and the parameters of these lenses after being fitted.

Parameters Mean * SD Range
Clinical Spherical equivalent —3.44 = 285 +3.50to —9.12
with BSCVA (D)
Corneal astigmatism (D) 3.84 = 2.74 0.50-10.90
Average central 46.54 = 4.19 37.90-56.10
keratometry (D)
Endothelial-cell count 2509 * 474 1712-3779
(cell/mm?)
Central corneal 451 * 43 343-535
thickness (um)
Contrast A (1.5 cycles/degree; 2.4 * 0.7 0-5
sensitivity scores)
B (3 cycles/degree; 24 = 1.4 0-5
scores)
C (6 cycles/degree; 22 * 28 0-6
scores)
D (12 cycles/degree; 23 x 21 0-6
scores)
E (18 cycles/degree; 2.4 = 28 0-6
scores)
Ocular Vertical coma (um) 1.45 = 0.95 0.21-3.26
aberrations
Spherical (um) 0.92 + 0.75 0.11-3.23
Other HOAs (um) 1.72 = 1.04 0.55-4.18
Total HOAs (um) 2.62 + 1.31 0.80-5.59
Contact lens BOZR (mm) 7.48 + 0.48 6.40-8.20
Total diameter (mm) 1291 = 0.29 12.60-13.50
Power (D) —2.85 * 2.43 +3.5t0 =7

BSCVA, the best spectacle-corrected visual acuity; HOAs, high-order aberra-
tions; BOZR, back optic zone radius.

4 B At baseline B After fitting CScL
35
3
= d S
€
=
w 2
2
®1s
1
0.5
0 * *
Verticalcoma Spherical Other HOAs Total HOAs *

OCULAR ABERRATIONS

Fig. 2. Differences in ocular aberrations before and after fitting corneo-scleral
contact lenses (27 keratoconic eyes with intracorneal ring segment implants; a
pupil diameter of 6 mm was used for evaluation).

*Statistically significant differences.

aberrations (p < 0.05) except vertical coma aberration (p = 0.059).
The total HOAs decreased 33% (2.62um initially and 1.75pum after
fitting CScL; p < 0.009). Fig. 3 shows the average = SD of spatial
frequencies (1.5, 3, 6, 12 and 18 cycles/degree) in contrast sensitivity
with the best spectacle-corrected value and after fitting the CScL. Sta-
tistically significant differences were found in all spatial frequencies (all
p < 0.05).

After a one-year follow-up, the parameters of corneal integrity and
visual quality showed no statistically significant differences with re-
spect to the initial fitting (see Table 4). In addition, subjective visual
quality and comfort ratings, together with prolonged usage times were
maintained. No adverse ocular events were found during this period.
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CONTRAST SENSITIVITY

ALS5) B(3) c(6)

D(12)
SPATIAL FREQUENCY (cycles/degree)

E(18)

Fig. 3. Differences in spatial frequencies before (with the best spectacle-cor-
rected value) and after fitting corneo-scleral contact lenses (27 keratoconic eyes
with intracorneal ring segment implants). Statistically significant differences
were found in all the spatial frequencies.

4. Discussion

There are few studies in the scientific literature on fitting corneo-
scleral or scleral contact lenses in keratoconic eyes with ICRS place-
ment. Moreover, they only report findings on a small number of eyes in
which such lenses had been fitted. For example, Romero-Jiménez and
Flores-Rodriguez described nine keratoconic eyes with ICRS implants
out of 30 eyes with irregular corneas, which were fitted with a semi-
scleral (or corneo-scleral) contact lens (diameter around 14.5 mm)
[22]. Alipur et al. fitted mini-scleral design lenses (diameter of
15.8 mm) successfully in nine eyes in their series [21]. The authors
suggested that these lenses were an excellent option in cases with un-
satisfactory outcomes with spectacles or corneal RGP contact lenses. In
a recent study fitting a large diameter scleral lens in two eyes (diameter
of 18 and 18.5mm), the authors suggested that these lenses may be
tried when patients are intolerant to corneal RGP or soft contact lenses
[19]. In the present study, a corneo-scleral contact lens was fitted as an
alternative option to treat keratoconus with ICRS placement (diameter
12.60-13.50 mm). They could be considered when other types of con-
tact lenses are not successfully fitted or present intolerance, which
sometimes occurs with corneal RGP lenses, soft contact lenses or full
scleral lenses (e.g. when insertion is difficult). These lenses were suc-
cessfully fitted in keratoconic eyes without ICRS implants [30], how-
ever little was known as to what degree of improvement in visual
quality they can provide when ICRS have been implanted.

Previous studies report that although good visual acuity may be
achieved with RGP lenses on irregular corneas, visual quality could be
decreased [32,33]. The outcomes of this study show that visual acuity
improved significantly, that similar values to previous studies were
achieved in which the same CScL were fitted in keratoconic eyes
without ICRS implants [30] and on irregular corneas of post-LASIK eyes
[29]. However, when assessing visual quality in these previous studies,
the outcomes in post-LASIK eyes were better than in keratoconic eyes.
These differences could be attributed to factors such as posterior cor-
neal surface irregularity, among others, which is more affected in ker-
atoconic eyes [30]. It should be noted that after ICRS implantation,
significant changes in the mid-periphery posterior corneal surface oc-
curs, therefore these changes may have significant induced effects on
total aberrometry, and consequently visual quality may be decreased. A
previous study by Alipur et al. found that total HOAs significantly de-
creased after fitting mini-scleral lenses, although residual HOAs still
remained high [21]. A limitation of this study is its small sample size,
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Table 4
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Differences in corneal integrity, contrast sensitivity scores and ocular aberration values between the initial fitting and after 1 year wearing corneo-scleral contact

lenses (27 keratoconic eyes with intracorneal ring segment implants).

Parameters Initial fitting Mean = SD After 1 year Mean + SD P value®
Corneal integrity Km (D) 46.54 + 4.19 47.29 + 4.55 0.121
ECC (cell/mm?) 2509 = 474 2499 =+ 388 0.821
CCT (um) 451 = 43 456 = 44 0.329
Contrast sensitivity A (1.5 cycles/degree; scores) 4.5 = 0.7 4.8 = 0.7 0.465
B (3 cycles/degree; scores) 46 + 1.4 47 + 1.4 1
C (6 cycles/degree; scores) 4.4 = 21 46 + 2.1 0.066
D (12 cycles/degree; scores) 51 * 1.4 52 * 1.4 0.445
E (18 cycles/degree; scores) 51 21 54 + 21 0.785
Ocular aberrations Vertical coma (pum) 0.92 = 1.12 0.88 = 1.03 0.506
Spherical (um) 0.47 = 0.68 0.45 = 0.61 0.587
Other HOAs (um) 1.22 = 1.45 1.22 = 1.20 0.694
Total HOAs (um) 1.75 + 1.81 1.72 + 1.60 0.121

Km, average central keratometry; ECC, endothelial-cell count; CCT, central corneal thickness; HOAs, high-order aberrations.

@ P value from the Wilcoxon signed-rank test.

Fig. 4. Corneoscleral contact lens fitted in a keratoconic eye with two Keraring intracorneal ring segments in this study.

therefore the amount of residual HOAs and their effects on visual
quality after fitting RGP lenses in keratoconic eyes with ICRS implants
are not sufficiently known.

In the present study, the outcomes show that objective and sub-
jective visual quality tests improved after CScL fitting, although to a
lesser extent in ocular aberrometry. In contrast to previous studies fit-
ting the same CScL on irregular corneas of post-LASIK [29] and kera-
toconic eyes without ICRS placement [30], the reduction in percentages
of total HOAs was worse in keratoconic eyes with ICRS implants, (78%
decrease for post-LASIK eyes, 55% for keratoconic eyes without ICRS
placement, and 33% in keratoconic eyes with ICRS implants) therefore,
the average residual HOAs was higher (0.24 um for post-LASIK eyes,
0.73 um for keratoconic eyes without ICRS placement, and 1.75 um in
keratoconic eyes with ICRS implants).

The average residual HOAs in this study after fitting CScL are sig-
nificantly higher than in the normal healthy population between the
ages of 30 and 39 years and with a pupil diameter of 6 mm (1.75 vs
0.45 um, respectively) [34]. Fig. 2 shows that the other HOAs and
vertical coma aberration were the main residual HOAs found after fit-
ting CScL, which concurs with the outcomes of our previous study
without ICRS placement [30]. However, significant differences in these

ocular aberrations between the two studies were observed, such aber-
rations increasing when ICRS were implanted (an average of 0.32 vs
1.19 um for other HOAs; and 0.45 vs 0.9 um for vertical coma aberra-
tion). Therefore, effects induced by ICRS placement on the corneal
posterior surface could mainly affect visual quality.

Previous studies report correlations between high residual HOAs
with a decrease in contrast sensitivity in keratoconic eyes [32,33]. In
agreement with the residual HOAs found in the present study, the
contrast sensitivity test showed slightly lower values than normal po-
pulation ranges, in particular for low and intermediate frequencies (see
Fig. 3). However, 70.37% of patients reported a favourable or very
favourable subjective visual quality after having CScL lenses fitted.
These subjective success results could be due to factors such as a sig-
nificant decrease in vertical coma aberration after fitting CScL (an
average of 35%). It should be noted that lower order and more central
aberrations in the Zernike table (such as coma and spherical aberrations
for HOAs) affect image quality largely [35]; therefore, patients can
report a significant subjective visual improvement [36].

In relation to the fitting procedure of the CScL in these cases of
keratoconic eyes with ICRS implants, although it would appear to be
more difficult than without such implants (due to the additional corneal



J.C. Montalt et al.

irregularity induced by them), a successful fit can be achieved with an
appropriate back optic zone radius and peripheral curve (see Fig. 4). In
comparison with keratoconic eyes without ICRS placement, an average
in a slight steepness in the back optic zone radius (around 0.05 mm)
was found [30]. The aim in these cases is to achieve a greater corneal
clearance to avoid touch (or excessive pressure) of the lens on the mid-
periphery steepening zone caused by ICRS implantation and the apical
zone. The number of visits and the number of lenses that had to be
ordered to achieve a precise fit and subjective comfort were similar to
those necessary when treating eyes without ICRS implants [30]. Finally,
the number of hours wearing the lens per day were slightly fewer in the
keratoconic eyes with ICRS implants than without them [30].

After one year of CScL wear, no significant adverse events of the
cornea were observed. There was no staining in compromised areas,
such as limbal, mid-periphery or apical corneal zones, nor was there
any apparent corneal physiological impairment, such as corneal oe-
dema. No variations in corneal integrity, such as the endothelial-cell
count and central corneal thickness, were found with respect to the
initial fitting. Moreover, there were no significant adverse effects on the
scleral zone around the cornea, such as morphological changes in the
conjunctiva, which could be due to compression of the lens. The visual
quality, number of hours wearing the lens, and subjective comfort were
also maintained.

The main limitation of this study was the small sample size. Future
studies with a greater sample size when fitting RGP (corneo-scleral or
full scleral) contact lenses are needed to confirm our outcomes. Also, it
should be noted that the outcomes of this study are not strictly com-
parable with our previous studies fitting the same contact lens in other
irregular corneas.

In conclusion, according to the outcomes of this study, fitting
corneo-scleral contact lenses may be an alternative feasible option for
keratoconic eyes with ICRS placement, providing an improvement in
subjective visual quality (70.37% of patients in this study). In addition,
they proved to be safe and healthy and provided optimal comfort and
prolonged usage times. In only 5 out of 27 eyes evaluated, the fit was
considered unacceptable (visual acuity did not improve or the lens was
not comfortable). An alternative option to improve visual quality when
patients are unsatisfied with these CScL could be customised contact
lenses. However, these lenses are not easily available and may lead to
significant cost in time and resources for patients and clinicians
[28,37].
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